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7KHSULQFLSDODGYDQWDJHRI6/0LVWKHSRWHQWLDO WRFUHDWHFRPSOH[FRPSRQHQWVIRUDHURQDXWLFDXWRPRWLYH
PHGLFDO HOHFWURQLF RU WRROLQJ LQGXVWU\ WKDW ZRXOG EH GLIILFXOW RU LPSRVVLEOH WR SURGXFH XVLQJ FRQYHQWLRQDO
PDQXIDFWXULQJ WHFKQLTXHV $YHU\DQRYD HW DO  *RQJ HW DO  6/0 SURFHVV LV FRQWUROOHG E\ D VHW RI
SDUDPHWHUVWKDWKDYHDQLPSRUWDQWLPSDFWRQPHFKDQLFDOSURSHUWLHV6RPHRIWKHVHSDUDPHWHUVDUHDVVRFLDWHGZLWK
PDWHULDO IDFWRUV ZKLFK DUH FKDUDFWHULVWLF RI WKH PDWHULDO DQG DUH QRW FRQWUROODEOH VXFK DV WKHUPDO FRQGXFWLYLW\
DEVRUSWLRQ FRHIILFLHQW PHOWLQJ SRLQW DQG FRHIILFLHQW RI WKHUPDO H[SDQVLRQ 7KH SDUDPHWHUV WKDW DUH ODUJHO\
FRQWUROODEOHDUHFRUUHODWHGZLWKWKHSURFHVVDQGFDQEHFODVVLILHGDVODVHUVFDQSRZGHUDQGWHPSHUDWXUHUHODWHG7KH
PRVW LPSRUWDQW SDUDPHWHUV LQYROYHG LQ WKH SURFHVV DUH ODVHU SRZHU VFDQQLQJ VSHHG KDWFK VSDFLQJ DQG OD\HU
WKLFNQHVV $ERXONKDLU HW DO .XU]\QRZVNL HW DO  6HYHUDO LQYHVWLJDWLRQV FRQVLGHU WKHVH SDUDPHWHUV WR
RSWLPL]H SDUW GHQVLW\ %XFKELQGHU HW DO  /RXYLV HW DO .HPSHQ HW DO  2ODNDQPL 2WKHU
VWXGLHV FDQ EH IRXQGZKLFK DUH IRFXVHG RQ GHVLJQLQJ VFDQQLQJ VWUDWHJ\ WRPLQLPL]H SRURVLW\ RI SURGXFHG SDUWV
$ERXONKDLUHWDO
(DFK PHWDO DOOR\ FDQ EH SURFHVVHG ZLWKLQ D HQHUJ\ GHQVLW\ SURFHVV ZLQGRZ ZKLFK JLYHV ULVH WR GHIHFW IUHH
VWUXFWXUHDQGWKHKLJKHVWUHODWLYHGHQVLW\YDOXHV7KHJHQHUDWLRQRISRURVLW\LVFDXVHGE\DQH[FHVLYHHQHUJ\LQSXW




VDPSOHVPDQXIDFWXUHGE\6/0KDVEHHQ LQYHVWLJDWHG6N\ZULWLQJ LV D IXQFWLRQZKLFK FRPSHQVDWHV WKH LQHUWLD RI











DUJRQ JDV DWRPL]DWLRQ ZLWK D SDUWLFOH VL]H GLVWULEXWLRQ EHWZHHQ  P DQG VSKHULFDO PRUSKRORJ\ 7KH
FRPSRVLWLRQLVVSHFLILHGLQ7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQRI,QFRQHOSRZGHU
3RZGHU 1L &U &R & 0R $O 7L )H 1E7D 0Q




PRGHO 6/0 +/ 7KLV PDFKLQH LV HTXLSSHG ZLWK  : ILEHU ODVHU DQG ZRUNV ZLWKLQ D SURWHFWLYH DUJRQ
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,QERWKFDVHVWZRVFDQQLQJVWUDWHJLHVWKHRUGHUDQGRULHQWDWLRQRIJHQHUDWHGPLFURZHOGVLQVLGHDOD\HUZHUH






7KH PDQXIDFWXUHG FXEHV ZHUH FKDUDFWHUL]HG LQ WHUPV RI UHODWLYH GHQVLW\ LQWHUQDO GHIHFWV DQG PLFURVWUXFWXUH
5HODWLYH GHQVLW\ZDV GHWHUPLQHG LQ VHFWLRQV SHUSHQGLFXODU WR WKH EXLOGLQJ GLUHFWLRQ LQ;<SODQHV E\PHDQV RI
RSWLFDO PLFURVFRSH *; 2O\PSXV DQG ZLWK WKH KHOS RI WKH LPDJH DQDO\VLV VRIWZDUH $QDO\6,6GRFX 5HODWLYH
GHQVLW\ ZDV GHWHUPLQHG LQ WKH ]RQHV ZLWK JUHDWHU FRQFHQWUDWLRQ RI SRUHV 0LFURVWUXFWXUH ZDV VWXGLHG ERWK LQ




3.1. Relative density and process window 








UHGXFWLRQRI UHODWLYHGHQVLW\DWKLJKHQHUJ\GHQVLWLHVKDVQRWEHHQREVHUYHG LQ WKLVVWXG\DQG LWZRXOGKDYHEHHQ








ERWKPLFURJUDSKVSRURVLW\ZDVREVHUYHGZLWK WKHSHFXOLDULW\ WKDWSRUHVZHUHDSSDUHQWO\DOLJQHG ,QDGGLWLRQ WKLV
SRURVLW\ ZDV LUUHVSHFWLYH RI WKH HPSOR\HG SURFHVVLQJ SDUDPHWHUV DQG VFDQQLQJ VWUDWHJ\ FKHVVERDUG RU VWULSHV




F LQRUGHU WRUHGXFH LWVKXPLGLW\7KHKXPLGLW\ZDVPHDVXUHGE\K\JURVFRSHREWDLQLQJDOZD\VYDOXHVEHORZ



















































ORZHU PDJQLILFDWLRQ WKDQ LQ UHODWHG PLFURJUDSKV ,Q )LJ  D ZKHUH WKH EODFN DQG ZKLWH ILHOGV RI FKHVVERDUG





3.2. Origin of the residual porosity 
,QRUGHUWRIXOO\GHPRQVWUDWHWKDWREVHUYHGUHVLGXDOSRURVLW\LVGLUHFWO\OLQNHGWRWKHVWDUWLQJDQGILQLVKLQJRIWKH
ODVHU VFDQQLQJ WUDFNVDQGGLVFDUGDQ\RWKHU IDFWRUV DGGLWLRQDO FXEHVZHUHPDQXIDFWXUHG DYRLGLQJ VWDUW DQG VWRSV
HYHQWVLQWKHKDWFKWKDWLVXVLQJORQJVWULSHVDORQJWKHZKROHSDUWOHQJWK6WULSHVWUDWHJ\ZDVVHOHFWHGZLWKDVWULSH
OHQJWKRIPP WKXVHTXDO WR WKH OHQJWKRI WKHVLGHRI WKHFXEH ,Q WKLVZD\ WKH ODVHURQO\VWRSSHGDWERUGHUV
QHYHU LQ WKHKDWFK ,W LVZRUWKQRWLQJ WKDW WKHVHFXEHVZHUH ODVHUVFDQQHGZLWKRXWERUGHUVRUFRQWRXUV LQRUGHU WR




EHIRUHZHUHXVHG$FFRUGLQJ WR WKHVH UHVXOWV LW LV IXOO\ FRQFOXGHG WKDW WKH UHVLGXDO SRURVLW\REVHUYHG LQ VDPSOHV
LQFOXGHG LQ VHFWLRQ  LV D FRQFHTXHQFH RI WKH ODVHU VWDUW DQG VWRS HYHQWV$W WKHVH SRLQWV WKH VFDQQLQJ VSHHG
UHDFKHVDH[WUHPHO\ORZYDOXHWKDWLWFRXOGEH]HURGXULQJYHU\VKRUWSHULRGRIWLPHJLYLQJULVHWRORQJLQWHUDWLRQ









3.3. Strategies to reduce residual porosity 
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
)LJ3RURVLW\REWDLQHGZLWKLQFUHDVHIRFXVRIIVHWDPPIRFXVRIIVHWEPPFPPGPPHPP
)RFXV RIIVHW ZDV LQFUHDVHG IURP  PP WR  PP LQ VWHSV RI  PP LQ VDPSOHV ZLWKRXW ERUGHUV DQG EXLOW
HPSOR\LQJORQJVWULSHV,QWKLVPDQQHUWKHODVHURQO\VWRSSHGLQERUGHUVDQGSRUHDQDO\VLVZDVIRFXVHGWKHUH7KH
SURFHVVSDUDPHWHUVXVHGZRUNLQJZLWK EHDP IRFXVHG FORVH WR WKH VXUIDFHZHUH DGDSWHG7KH VFDQQLQJ VSHHGZDV
UHGXFHG DW KLJK IRFXV RIIVHWV LQ RUGHU WR DYRLG WKH SUHVHQFHRI ODFNRI IXVLRQGHIHFWV GXH WR LQVXIILFLHQW HQHUJ\
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GLUHFWLRQ7KLVLVGXHWRLQHUWLDRIJDOYDQRPHWHUPLUURUVXVHGIRUVFDQQLQJ'XULQJWKLVWLPHWKHODVHUEHDPFRYHUV
VRPHGLVWDQFH LQZKLFK WKH VSHHG LVQRWFRQVWDQWDQGFRQVHTXHQWO\PRUHHQHUJ\ LQSXW LV ORFDOO\ LQWURGXFHG7KDW
PHDQVWKDWPRUHHQHUJ\LVDSSOLHGLQERUGHUVDQGLQWKHOLPLWVEHWZHHQWKHILHOGVLQZKLFKWKHSDUWLVGLYLGHGWKDQLQ
WKH UHVWRI WKHSDUW ,I WKHVN\ZULWLQJ IXQFWLRQ LVDFWLYDWHG WKH ODVHUEHDPZLOOEH VZLWFKHGRIIGXULQJ WKHFXUYHG








7KH HIIHFW RI VN\ZULWLQJ ZDV VWXGLHG LQ VDPSOHV PDQXIDFWXUHG ZLWKRXW ERUGHUV DQG ZLWK ORQJ VWULSHV DQG
REVHUYLQJSRURVLW\DWERUGHUV ,Q)LJD E FDQGGDFRPSDULVRQEHWZHHQFXEHVPDQXIDFWXUHGZLWKDQG





































$GGLWLRQDOO\ WKLV ZRUN GHVFULEHV WKH LPSRUWDQFH RI XVLQJ VN\ZULWLQJ IXQFWLRQ IRU JHWWLQJ WKH KLJKHVW UHODWLYH
GHQVLW\VWDQGDUGV$FWLYDWLRQRIWKLVIXQFWLRQLVUHTXLUHGLQRUGHUWRDYRLGUHSRUWHGUHVLGXDOSRURVLW\ZKHQZRUNLQJ
ZLWKYHU\IRFXVHGODVHUEHDPV
6LQFH VN\ZULWLQJ DQG IRFXVRIIVHW KDYH DJUHDW LPSDFWRQ UHVXOWLQJ UHVLGXDOSRURVLW\ VSHFLDO DWWHQWLRQPXVWEH
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